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Description 

This invention relates generally to the pre- 
paration of membranes which are useful as 
ultrafiiters and as microporous membranes use- 
ful in separating materials. 

Polymeric membranes are well known. These 
membranes may generally be classified accord- 
ing to the sizes of particles which they retain or 
according to their pore size as either uitrafiiter 
membranes, which have the finest pores, or 
microporous, or microfilter membranes which 
have coarser pores. The dividing line between 
uitrafiiter membranes and microfilter membranes 
is at approximately 0.05 micrometres in pore size 
or smallest retained panicle- 
Membranes may also be classified according to 
the porosity difference or similarity of their two 
faces. Thus, membranes may be classified as 
symmetrical, when the two faces have similar 
porosity or as asymmetrical when the two faces 
differ in porosity. 

An important characteristic of a membrane is 
its permeability to water which is customarily 
expressed in units of cm/min-psi which 
represents the macroscopic velocity in cm/min at 
which water flows through the membrane when 
the driving pressure is one psi. This permeability 
may be measured by the volume of pure water 
which passes through a unit area of membrane 
per unit time. 

The flow of water through the membrane is, 
within wide limits, directly proportional to the 
applied pressure. In general, the permeability to 
water decreases as the retentivity of the mem- 
brane to solutes increases, because smaller pores 
offer more resistance to flow. This relationship, 
however, is not a simple one since the retentivity 
depends on the single smallest pore encountered 
by the liquid in passing the membrane, whereas 
the resistance to flow depends on the cumulative 
effect of all the pores through which the sample 
must pass. Hence, membranes of similar solute 
retention having uniform pores throughout their 
entire thickness have lower permeabilities than 
those whose retentivity is due to a thin skin 
having proper pore sizes combined with a body or 
substrate of much larger pores. In other words, 
symmetrical membranes offer more resistance to 
fluid flow and therefore have slower flow rates 
compared to asymmetrical membranes of similar 
retentivity. 

In addition to their retention characteristics, 
membranes may be characterized by their ability 
to resist plugging or their dirt-holding capacity. 
Plugging refers to a reduction of the filtration rate 
during the filtering operation as a function of the 
amount of liquid passing the membrane. In order 
to extend the lifetime of a membrane in a given 
filtration operation, it is customary to prefilter the 
fluid through a membrane or filter having higher 
flow rates and smaller retentivittes, but still the 
ability to reduce severe fouling, or blocking of the 
final membrane filter. 

Structurally, membranes vary greatly and may 



generally be classified as either reticulated or 
granular. In the former, there is a three-dimen- 
sional open network of interconnecting fibrous 
strands and open interstitial flow channels. In the 

5 granular type structure, however, incompletely 
coalesced solid particles called granules leave an 
interconnected network of pores between them. 
Reticulated membrane structures generally have 
a higher porosity than granular membrane struc- 

w tures. (Porosity of membranes is defined as (1- 
the relative density). This difference, in turn, is the 
ratio of the weight of a given volume of mem- 
brane to that of the bulk polymer forming the 
membrane). 

15 Polymeric membranes are generally made by 

preparing a solution of the polymer in a suitable 
solvent, forming the solution into a thin sheet, a 
hollow tube or a hollow fibre, and then precipitat- 
ing the polymer under controlled conditions. Pre- 

20 cipitation may be carried out by solvent evapora- 
tion or by contacting the polymer solution with a 
nonsolvent. 

U.S. Patent No. 3,615,024 discloses a method of 
forming porous polymeric membranes which are 

25 described as being highly asymmetric. The mem- 
branes produced according to that method are 
only slightly asymmetric, however, and have 
permeability to water which is only slightly higher 
than that of symmetrical membranes of the same 

30 retentivity. 

Membranes may also be classified as either 
composite, supported or integral. Composite 
membranes comprise a very thin retentive layer 
attached to a preformed porous support. In a 

35 supported membrane, the actual membrane is 
attached to a strong sheet material of negligible 
retentivity. Integral type membranes are formed 
in one and the same operation having layers of 
the same composition. These layers may have 

40 very different properties, depending, in general, 
on whether the membrane is symmetrical or 
asymmetric. 

The search has continued for improved, highly 
asymmetric, membranes having improved reten- 

45 tion properties and enhanced flow rates as well as 
for processes for producing these membranes. 
This invention was made as a result of that 
search. 

According to the invention, there is provided a 

50 method of preparing an asymmetric integral 
membrane comprising a skin and a porous 
support having a reticulated structure, which 
comprises casting a polymer dope while said 
dope is in a turbid metastable liquid dispersion 

55 condition, the concentration of polymer in said 
polymer dope being high enough to produce a 
coherent membrane yet low enough to form said 
reticulated structure. 
In the following description, reference will be 

60 made to the accompanying drawings, in which: 
Figure I comprises two diagrams which show 
the effect of variations in solvent/non-solvent 
concentration and in temperature in arriving at 
th m testable region. 

65 Figur II sh ws the effect of changes in non- 
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solvent concentration on the flow rate and reten- 
tion of nnembranes obtained according to the 
present invention. 

Figure MI is a scanning electron microscope 
photomicrograph of a membrane obtained 
according to the present invention. 

Figure IV is a scanning electron microscope 
photomicrograph of a membrane of the prior art. 

The preparation of membrane casting dopes 
involves well-known principles of polymer solutil- 
ity, including the concept of critical miscibility 
conditions, particularly the critical miscibility 
temperature. T^. Generally, at temperatures 
above T^, a polymer is completely miscible with a 
given solvent, whereas below that temperature, 
there is a region of phase separation. In the limit 
of infinite polymer chain length, is the so-called 
"theta" — or H temperature or condition, where 
the interaction forces between polymer molecu- 
les and solvent molecules equal the interactions 
of polymer molecules for other molecules of the 
same polymer. 

Solvents for polymers may be categorized into 
two types. "Good" solvents are those in which 
the interactions (forces) between the polymer 
molecules and solvent molecules are greater than 
the forces of attraction between one polymer 
molecule and another polymer molecule. "Poor" 
or "ideal" solvents are those in which the inter- 
actions between the polymer and solvent are 
equal to the forces of anraction between one 
polymer molecule and another polymer 
molecule. Very pbor solvents, which dissolve little 
or no polymer, are called non-solvents. These 
definitions apply not only to pure systems but 
also to mixtures of solvent as well as mixtures of 
polymers. 

The region on a phase diagram in which 
polymer is not completely miscible with solvent 
may be delineated as a function of temperature 
and solution composition by a curve called the 
"binodal". On one side of this binodal curve, the 
system is thermodynamically unstable and on the 
other side it is stable. The unstable system close 
to the binodal is believed to undergo phase 
separation by a nucleation and growth 
mechanism. Inside the binodal there exists 
another region called the spinodal. At or close to 
the spinodal the mechanism of phase separation 
may change to the so-called "spinodal decom- 
position" in which periodic and network struc- 
tures may form without nucleation. 

Figure I illustrates schematically the binodal 
and spinodal curves. Figure la shows the effect of 
temperature and concentration for a polymer and 
solvent. Line 10 is the binodal and line 11 is the 
spinodal. The concentration of polymer in the 
casting dope must be high enough to produce a 
coherent membrane (see dividing line 12) yet low 
enough to obtain substantially all reticulated 
structure in the asymmetric support {see dividing 
line 13). The dividing lines 12 and 13 have been 
established for purposes of illustration only and 
d not repr sent actual polymer concentrations. 
Polymers of the pres nt invention may b cast in 



the shaded area 14 of Figure la. Toward the 
binodal side of region 14, ultrafiltration mem- 
branes (pore sizes of from about 0.001 to about 
0.05 micrometres) may be produced whereas 

5 toward the spinodal side of this region, micropor- 
ous membranes (pore sizes of from about 0.05 to 
about 3 micrometres) may be produced- The term 
"metastable liquid dispersion" is currently used 
to refer to the region in Figure 1 between binodal 

JO 10 and spinodal 11. Figure lb is a phase diagram 
for the three component system polymer-solvent- 
non-solvent at constant temperature. The num- 
bers in Figure lb represent the same thing as the 
corresponding numbers (absent the "a") in Figure 

15 la represent. 

In Figure la, toward the left side of tine 10 
beside shaded area 14 is the region of stable 
solutions. If polymer dopes are cast in this region, 
prior art membranes are produced. These mem- 

20 branes lack the reticulated structure of the 
asymmetric support of the membranes of the 
present invention. Toward the right side of line 
11, Figure la, beside shaded area 14 of Figure la, 
there exists the region of two segregated phases 

25 where membranes cannot be produced. 

When a polymer/solvent system is made to 
cross the binodal by, for example, lowering the 
temperature or by, for example, the addition of a 
non-solvent, phase separation generally occurs 

30 spontaneously as evidenced by the appearance of 
marked turbidity, but phase segregatfon (i.e., the 
appearance of two distinct bulk layers) is delayed. 
The system becomes a liquid-liquid dispersion, 
whose stability depends markedly on how far the 

35 system is within the binodal. When the system is 
within but close to the binodal condition, the 
system (i.e., polymer dispersion) may be stable 
for weeks in the sense that no visible segregation 
takes place. When the system is further inside the 

40 binodal, segregation may occur within hours or 
even minutes. Since segregated phases are the 
thermodynamically stable forms of the system, 
these dispersions are metastable. As the process 
for converting these metastable dispersions takes 

45 only seconds or minutes, it has been found that 
such dispersions may be used for the formation 
of membranes. 

Furthermore, it has been found that this metast- 
able liquid dispersed state (between binodal 10 

50 and spinodal 11) which is an essential part of this 
invention, may be approached from the position 
of a state comprising stable segregated phases by 
redispersing {i.e., agitating) those segregated 
phases, 

55 In general, as the system approaches the 

spinodal from the binodal, the turbidity of the 
dispersion increases. This is believed due, in part, 
to the formation of larger dispersed liquid par- 
ticles. 

60 During quenching of the metastable dispersed 

polymer solution with a suitable non-solvent, 
very rapid solidification occurs. While this pro- 
cess of solidification is not yet fully understood, it 
is believed that for the membranes of this inv n- 

65 tion, the mechanism of solidification involves 
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spinodat decomposition of the very unstable 
system formed by the interaction of the coagulat- 
ing liquid with the casting dope. Because of the 
rapidity of the process, the process may be 
carried out even with relatively low viscosity 
polymer dopes. It is also believed that spinodal 
decomposition is favored by bringing the casting 
dope close to its spinodal. 

The critical importance of casting membranes 
from solutions within the binodal is in the way the 
properties of resulting membranes are affected as 
illustrated in Figure il. Figure 11 shows the water 
permeability and retention of the protein 
Immunoglobulin G of membranes produced from 
a dope containing 10 percent polysulfone in 
dimethylformamide with various amounts of the 
non-solvent methyl-1 butanol. It may be seen that 
an enormous change in water permeability and 
solute retentivity occurs between about 14.4 and 
14.6 per cent of added non-solvent. The binodal 
corresponds to about 14.5 per cent and it is after 
the binodal is crossed that the water permeability 
of the resulting membrane is optimized. The 
individual points in Figure II show how reproduc- 
ibly the properties of the membranes may be 
controlled. 

In addition to the requirement of a metastable 
polymer-solvent-non-solvent casting dope, the 
relationship of these components to the quench 
liquid is also important. The polymer must, of 
course, be insoluble in the quench liquid and the 
solvent should be miscible with the quench liquid 
(and vice versa). In fact, it is also preferred that the 
solvent and quench liquid be completely soluble 
in each other under membrane formation con- 
ditions. Water is a generally preferred quench 
liquid for economic and environmental reasons, 
although a mixture of 80 per cent water and 20 
per cent dimethylformamide is particularly pre- 
ferred. It is also preferred that the solvent have a 
low viscosity. 

If the solvent has a low viscosity and the solvent 
and quench liquid are completely soluble in one 
another, rapid diffusion of the quench liquid into 
the casting dope is assured. 

The non-sotvent, if present, should have only 
limited solubility in the quench liquid. This limited 
solubility is believed to be effective in increasing 
the asymmetry of the resulting membrane. 

The asymmetry of a porous membrane may be 
measured by the ratio of the average pore dia- 
meter of its two faces. 

The formation of membranes having larger 
pores (above about 0.2 pm) may be accomplished 
in various ways as discussed herein but, for 
convenience, the process by which these large 
pore membranes are produced is preferably facili- 
tated by increasing the proportion of non-solvent 
in the casting dope. At constant turbidity, the 
amount of non-solvent that may be added to the 
system without causing spinodal decomposition 
is higher at higher temperatures. For best results 
it is preferred to increase the temp rature v ry 
cl se to the critical temperatur for a given 
solvent/non-solvent c mbination as illustrated in 



Figure lA and also as in Example VUl. At lower 
temperatures, the proportions of solvent 
described are not attainable. 

The quench liquid as indicated above should be 

5 inert with respect to the polymer used and should 
preferably be miscible with the polymer solvent 
and should have limited miscibility with the non- 
solvent. When water is used as the quench liquid, 
its properties and those of the resulting mem- 

10 branes may be modified by the presence of 
certain additives, such as surfactants and 
solvents. The addition of one or more surfactants 
to the quench liquid often makes the membrane 
hydrophilic so that it is easily wetted by water and 

75 thus may be used for filtration without substantial 
pressure to overcome capillary forces. 

The amount of surfactant may vary widely but 
generally from about 0.001 to about 2 per cent, 
typically from about 0.02 to about 0.2 per cent, 

20 and preferably from about 0.02 to about 0.1 per 
cent by weight total quench liquid may be 
employed. 

Typical surfactants include sodium dodecyl sul- 
fate, ethoxylated alcohols, glycerol esters and 

25 fluorocarbon surfactants. 

The concentration of the polymer in the casting 
dope must be low enough to form a substantially 
all-reticulated structure within the asymmetric 
support but must be high enough to produce a 

30 coherent membrane. If the polymer concentration 
were too low, the resulting membrane would 
have no coherency and, in the extreme case, only 
dust would be formed. If the polymer concen- 
tration were too high, then the structure within 

35 the asymmetric support would not be all sub- 
stantially reticulated, but would contain at least 
some granulated structure. 

Although the appropriate concentration of 
polymer varies somewhat depending upon the 

40 particular polymer used, the polymer concen- 
tration when the polymer is polysulfone alone 
should be generally from about 6 to 13, typically 
from about 8 to about 12, and preferably from 
about 9 to about 10 percent by weight of the 

45 casting dope. The particular polymer chosen will, 
of course, determine to a large extent, the final 
properties of the membrane. 

It will be evident from the above that this 
invention may be practiced with a variety of 

50 polymers or their mixtures, solvents or their 
mixtures, and non-solvents or their mixtures and 
over a range of temperatures, provided that the 
combination of these components and para- 
meters is such as to produce the desired metasta- 

55 bility. The properties and performance of the 
membrane produced by casting a metastable 
dope depend not only on the degree of this 
instability and on the general relationship of 
mutual solubility of the polymer, solvent, non- 

60 solvent and quench liquid as outlined above, but 
also on the particular materials selected and their 
mutual interactions in a manner that is not fully 
und rstood at pr sent. The following are som of 
th mat rials which have b en found useful in the 

65 practic of this inv ntion but it will be clear to 
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those skilled in the art that many others and/or 
their combinations may also be used. 

The polymers which may be used to produce 
these membranes include broadly any polymer 
generally used to produce membranes, although, 
as will be discussed in greater aetail hereinbeiow, 
the choice of polymer is related to the choice of 
solvent and non-solvent used in the casting pro- 
cess. Polymers which have been found to be 
particularly useful in the instant process include 
polysulfone, potyimides, polycarbonates, polyac- 
rylonitriies including polyallo/lacp/ionitriles, poly- 
quinoxaltnes and polyquinolines. Mixtures of two 
or more polymers may also be used. 

Preferred polymers within the above noted 
groups for use in the present invention include 
Ciba Geigy X U218 polyimide (which is a soluble 
thermoplastic polyimide based on 5(6) - amino - 
1 - (4' - aminophenyl) - 1,3,3 - trimethylin- 
done)), Upjohn P 2080 polyimide, Lexan polycar- 
bonate, polyphenylquinoxaline, and Union Car- 
bide P-3500 poJyaryisutfone. 

A particularly preferred polymer for use in the 
presently claimed invention is Union Carbide P- 
3500 polyar/lsulfone. When this particular 
polymer is employed, it has been found that a 
minimum molecular weight of 30,000 is needed in 
order to obtain a coherent membrane with a 
reticulated structure. The upper limit of molecular 
weight is approximately one million. The use of 
poJyarylsuJfone with molecular weights in excess 
of one million is undesirable because of the 
formation of polymer gels. The molecular weight 
range of the other polymers that may be useful in 
the presently claimed invention differs, of course, 
depending upon the particular polymer 
employed. 

The solvents which may be used to produce 
membranes according to this invention include: 

Dimethyl formamide 
Dimethyl acetamide 
Dioxane 

N-Methyl pyrrolidone 
Dimethyl sulfoxide 
Chloroform 
Tetramethylurea 
Tetrachloroethane 

Suitable non-solvents include: 



Methanol 

Ethanol 

Jsopropanol 

Amy! alcohol 

Hexanoi 

Heptanol 

Octanol 

Propane 

Hexane 

Heptane 

Octane 



A significant advantage of the membranes pro- 
duced according t th method of the present 



Acetone 

Methyl ethylketone 

Methyl isobutyl ketone 

Nitropropane 

Butyl ether 

Ethyl acetate 

Amy! acetate 
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invention is their high fluid permeability, particu- 
larly for small pore sizes. This is believed to be the 
result of their very high asymmetry so that the 
reticulated part of the membrane offers a rela- 
tively low resistance to fluid flow as compared to 
the finely porous skin. For example, a membrane 
prepared according to the method of this inven- 
tion as described hereinafter in Example VI has a 
pore size of 0.01 Jim and a flow rate of 0.9 cm/min 
psi, one hundred times higher than that of com- 
mercial membranes now available having this 
pore size. At higher pore sizes the advantage of 
membranes prepared according to this invention 
is less striking but remains significant even at the 
large 0.4/pm pore size {Example VIII). These mem- 
branes can provide a flow rate of over 8 cm/min 
psi which is 30 to 60% greater than that of 
membranes now commercially available. 

A log-log plot of the water permeability of the 
membranes of the present invention against pore 
size indicates a iesj than inverse relationship 
whereas the same plot of conventional mem- 
branes indicates a much faster decrease. 

The membranes produced according to the 
method of this invention may be used with either 
the skin side or the support side of the membrane 
upstream with respect to fluid flow. For micro por- 
ous membranes, however, it is preferred to use 
the membrane so that the support is upstream. In 
this way, the reticulated porous support serves as 
a built-in prefilter,, greatly increasing the dirt- 
holding capacity of the membrane. The fluid 
encounters the largest pores first and later 
encounters pores having gradually decreasing 
size with the smallest pores — those in the 
skin — being encountered last. Hence larger par- 
tides are retained before they reach the skin and 
do not clog its pores. An in-depth filtration is 
obtained in which the particles are retained at 
various levels leaving many more pores available 
for flow than if they were all retained in one plane 
at the skin. If the membrane is not highly 
asymmetrical this advantage does not exist since 
approximately the same amount of retained mat- 
ter fouls both sides of the membrane because the 
pore sizes on both sides are approximately the 
same. 

When a microporous membrane obtained 
according to the method of the present invention 
is used with its support side upstream, it has been 
found that the volume of fluid which may be 
passed through the membrane by the time the 
rate of flow through the membrane is reduced to 
50% of the initial value is generally at least about 
2, typically from about 2 to about 6, and prefer- 
ably at least about 5 times as large as the volume 
of fluid which may be passed through the same 
membrane used with its skin side upstream. 

The present invention is further illustrated by 
the following Examples, in which all parts and 
percentages are by weight unless otherwise 
specified. The same applies to the remainder of 
the specification. 
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Example I 

A 5% solution of polymethacrvlonitrtle in 
dimethylformamide is prepared at 40°C with rapid 
stirring. The solution is degassed by placing it in a 
water bath at 40^*0 for 30 minutes and then cooled 
to SO^'C (below the critical temperature). At the 
temperature the solution becomes abruptly tur- 
bid. This solution is spread by means of a casting 
knife to a wet thickness of 10 mils onto a glass 
plate which is preheated to SO^C and the plate is 
transferred immediately into a water bath at 
ambient temperature, causing the wet film to 
coagulate. The resulting membrane has a water 
flow rate of 0.5 cm/min psi and a pore size of .05 
nm. 

Example 11 

A turbid solution consisting of 4% polyimide (P 
2080 Upjohn) and 1.2% polycarbonate (Lexan, 
very high molecular weight) in dimethylfor- 
mamide is made at 25^*0, degassed for 30 minutes 
at 25'C, and cast onto a glass plate at 25X. The 
wet film is coagulated as in Example I. This 
membrane has a flow rate of 1.2 cm/min psi and a 
molecular weight cut-off of 10* corresponding to 
a pore size of 0.1 pm. 

Example III 

A 5% solution of polyphenylquinoxaline dis- 
solved in a mixture of 80% chloroform and 20% 
m-cresol at 15°C results in a turbid solution which 
is then cast onto a glass plate cooled to 15'C. The 
plate is rapidly transferred into a bath of isopropyl 
alcohol cooled to lO^C. The wet film solidifies 
instantly to produce a membrane having a flow 
rate of 3 cm/min psi and a pore size of 0.2 

Example IV 

A solution of polyquinoline (M.W.m 80,000) in a 
mixture of 85% chloroform/15% methylene 
chloride turns cloudy after adding 16.2% i-butyl 
alcohol at 25X resulting in a final polymer con- 
centration of 5% by weight. This solution is cast 
onto a flat polished stainless steel plate at 25*'C 
and placed into an isopropyl alcohol bath at 
ambient temperature. The rapidly formed mem- 
brane has a flow rate of 30 cm/min psi and a 
surface pore size of 1.2 \im. 

Example V 

A solution of polysulfone (P-3500 Union Car- 
bide) is prepared in dimethylformamide and 
titrated with isopropyl alcohol to a composition 
consisting of 9.5% polysulfone, 10.3% isopropyl 
alcohol and 80.2% dimethylformamide. This sol- 
ution is cast at ambient temperature {which is 
below the critical temperature) into a membrane 
as described in Example I. This membrane has a 
flow rate of 4 cm/min psi and a surface pore size 
of 0.2 pm, an elongation at break of 24% and a 
tensile strength of 30 kg/cm^ 

Example VI 

A mixtur of polyimid (4%) and polysulfone 
(1%) is dissolved in a 50/50 weight mixture of 



chloroform and cresylic acid. The slightly turbid 
solution is cast onto a glass plate and quenched 
into an isopropyl alcohol bath. The resulting 
membrane has a flow rate of 0.9 cm/min psi and 
5 gives a 99.5% retention of ovalbumine. 

Example VII 

A solution of polysulfone (P-3500 Union Car- 
bide) is prepared in dimethylformamide and 

JO titrated with hexane to a composition consisting 
of 9.9% polysulfone, 11.9% hexane, and 78.2% 
dimethylformamide. This solution is cast into 
water at ambient temperature resulting in a mem- 
brane with a flow rate of 0.32 cm/min-psi and 98% 

T5 retention of ovalbumine. 

Example VIM 

A solution of polysulfone (P-3500 Union Car- 
bide) is prepared in dimethylformamide and 

20 heated to 40*'C. This solution is then titrated with 
2-methyl -2-butanol to an absorbance reading of 
0.600 corresponding to a concentration of 9.5% 
polysulfone, 15.5% 2 - methyl - 2 - butanol and 
75%^ dimethylformamide. (The absorbance is 

25 zeroed with a 12% polysulfone/88% dimethylfor- 
mamide solution.) This solution is cast at 40X 
into water. The resulting filter has a flow rate 7.4 
cm/min psi, a bubble point of 35 psi 
(35x6.895x10^ Pa) and an average pore diameter 

30 of 0.4 pm. 

Comparative Example 

Figure III is a scanning electron microscope 
photomicrograph of the top surface (magnified 

35 100,000 times) and the bottom surface (magnified 
80 times) of a membrane (having a molecular 
weight cut-off of 25,000) produced in accordance 
with the present invention by casting a solution of 
10% polysulfone in a 78/12 mixture of dimethyl- 

40 formamide/hexane. The pore size of the 
asymmetric support is approximately 20,000 
times the size of the pores in the skin (i.e., the 
membrane has a pore asymmetry of 1:20,000). 
The water permeability of the membrane is 0.30 

45 cm/min psi. 

Figure IV is a scanning electron microscope 
photomicrograph of a prior art Millipore ultrafilter 
PSED, also having a molecular weight cut-off of 
25,000. This top surface is magnified 100,000 

so times and the bottom surface is magnified 20,000 
times. The pore assymmetry is 1:1. Its water 
permeability is 0.01 cm/min psi. 

A comparison of Figures III and IV illustrates the 
highly asymmetric character of membranes pro- 

55 duced according to the present invention vis-a-vis 
prior art membranes. 

The membranes produced according to the 
method of the present invention have improved 
physical properties over prior art membranes. For 

60 example, a 0.2 \xm polysulphone membrane pro- 
duced according to the present invention has a 
tensile strength of 30 kg/cm^ an elongation at 
break of 24% (see Example V) in comparison to an 
elongation of about 5% with respect to 0.2 pm 

55 prior art membranes. Thes improved physical 
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properties are important in most membrane 
applications but are of paaicular importance in 
medical applications where any membrane rup- 
ture due to insufficient elongation could be criti- 
cal. 

In the above description, permeability data 
have been quoted in units of cm/min psi; the 
relevant values can be convened to cm/min Pa by 
multiplication by 145x10"®. 

Claims 

1. A method of preparing an asymmetric integ- 
ral membrane comprising a skin and a porous 
support having a reticulated structure, which 
comprises casting a polymer dope while said 
dope is In a turbid me tas table liquid dispersion 
condition, the concentr¥tion of polymer in said 
polymer dope being high enough to produce a 
coherent membrane yet low enough to form said 
reticulated structure. 

2. A method according to claim 1, wherein said 
polymer dope when left undisturbed segregates 
into at least two liquid layers. 

3. A method according to claim 2, wherein said 
segregation occurs within two weeks. 

4. A method according to any of claims 1 to 3, 
wherein said polymer dope includes a non- 
solvent for said polymer. 

5. A method according to claim 4, wherein said 
membrane is made by liquid quenching and said 
non-solvent is only partially miscible with the 
quenching liquid. ^ 

6. A method according to any of claims 1 to 5, 
wherein said polymer dope is close to its critical 
temperature at the time of quenching. 

7. A method according to any of claims 1 to 6, 
wherein said polymer dope is cast into a quench- 
ing liquid which is completely miscible with the 
main solvent of said polymer dope. 

8. A method according to any of claims 1 to 7, 
wherein said metastable liquid dispersion condi- 
tion is reached by maintaining the temperature of 
the dope above its critical temperature and then 
cooling to below said critical temperature. 

9. A method according to any of clsims 1 to 8, in 
which the polymer is a polyimide, a polyacrylonit- 
rile, a polycarbonate, a polyaryisulphone, a poly- 
quinoxaline, a polyquinoline, or a mixture of two 
or more thereof. 

Patentanspruche 

1. Verfahren zum Herstellen einer asymmetri- 
schen integralen Membran, enthaltend eine Haut 
und einen porosen Trager, der eine netzformige 
Slruktur aufweist, durch GieGen einer polymeren 
Masse, wahrend sich die Masse in einem dickflus- 
sigen, metastabilen fIGssigen Dispersionszustand 
befindet^ wobei die Konzentration des Polymers 
in der polymeren Masse hoch genug ist, um eine 
koharente Membran zu erzeugen, aber noch 
immer niedrig genug ist, um die netzformige 
Struktur auszubilden. 

2. Verfahren nach Anspruch 1, bei dem die 



Polymermasse sich in wenigstens zwei Fiussig- 
keitsschichten enimischt, wenn sie ungestort 
gelassen wird. 

3. Verfahren nach Anspruch 2. bei dem die 
5 Entmischung innerhalb von zwei Wochen auftritt. 

4. Verfahren nach einem der Anspriiche 1 bis 3, 
bei dem die Polymermasse ein Nicht-Losungsmit- 
tel fur das Polymer enthalt. 

5. Verfahren nach Anspruch 4, bei dem die 
JO Membran durch Flussigkeitsspritzen hergestellt 

wird und das Nicht-Losungsmittel nur teilweise 
mit der Spritzflussigkeit mischbar ist. 

6. Verfahren nach einem der Anspruche 1 bis 5, 
bei dem die Polymermasse beim Spritzen dicht an 

;5 ihrer kritischen Temperatur ist. 

7. Verfahren nach einem der Anspruche 1 bis 6, 
bei dem die Polymermasse in eine Spritzflussig- 
keit gegossen wird, die vollstandig mit dem 
Hauptlosungsmittel der Polymermasse mischbar 

20 ist. 

8. Verfahren nach einem der Anspruche 1 bis 7, 
bei dem ein metastabiler flussiger Dispersionszu- 
stand erreicht wird, indem die Temperatur Masse 
uber ihrer kritischen Temperatur gehalten wird 

25 und sie dann unter die kritische Temperatur abge- 
kuhlt wird. 

9. Verfahren nach einem der Anspruche 1 bis 8, 
bei dem das Polymer ein Polylmid, ein Polyacryl- 
nitril, ein Polycarbonate ein Polyarylsulfon, ein 

30 Polyquinoxalin, ein Polyquinolin oder ein 
Gemrsch von zwei oder mehr derselben ist. 

Revendications 

35 1. Un procede de fabrication d'une membrane 

integrale asymetrique comprenant une peau et un 
support poreux ayant une structure reticulee, qui 
consiste a couler une solution de polymere tandis 
que ladite solution est a I'etat de dispersion 

40 liquide metastable trouble, la concentration du 
polymere dans ladite solution de polymere etant 
suffisamment elevee pour produ/re une mem- 
brane coherente et cependant suffisamment fai- 
ble pour former ladite structure reticulee, 

45 2. Un procede selon la revendication 1, dans 

lequei ladite solution de polymere se separe au 
repos en au moins deux couches liquides. 

3. Un procede selon la revendication 2, dans 
lequei ladite separation se produit en I'espace de 

50 2 semaines. 

4. Un procede selon Tune quelconque des 
revendications 1^3, dans lequei ladite solution 
de polymdre comprend un non-solvant dudit 
polymere. 

55 5. Un procede selon la revendication 4, dans 

lequei ladite membrane est faite par trempe par 
un liquide et ledit non-solvant est seulement 
partiellement miscible avec le liquide de trempe. 

6. Un procede selon Tune quelconque des 
60 revendications 1^5, dans lequei ladite solution 

de polymere est proche de sa temperature criti- 
que au moment de la trempe. 

7. Un procede selon Tune quelconque des 
revendicat'tons 1^6, dans lequei ladite solution 

65 de polymdre est coulee dans un liquide de trempe 
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qui est completement miscible avec le sol- 
vani principal de ladite solution de poly- 
mere. 

8. Un precede selon I'une quelconque des 
revendicatlons 1 a 7, dans tequel ledtt etat 
de dispersion liquide metastable est atteint 
en maintenant la temperature de la solution 
au-dessus de sa temperature critique et 



ensuite en refroidissant au-dessous de ladite 
temperature critique. 

9. Un precede seion Tune quelconque des 
revendications 1 a 8, dans lequel le poly- 
5 mere est un polyimide, un polyacrylonithle, 
un polycarbonate, une poiyarylsulfone, une 
polyquinoxaline, une polyquinoleine ou 
melange de deux ou plusieurs de ceux-ci. 
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